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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

5LICANTS: RAMSHAW, Colin and » 
JACHUCK, Roshan, Jeet, Jee 

ASSIGNEE: Protensive Limited (A UK Company) 

U.S. APPLICATION NO.: 09/913903 

INTERNATIONALAPPL.no.: PCT/GBOO/00523 LA. FILING DATE: 02-17-2000 

FOR: "ROTATING SURFACE OF REVOLUTION REACTOR WITH SHEARING 

MECHANISMS" 

ATTORNEY DOCKET NO.: A01206US (98148.20) 

PRELIMINARY AMENDMENT AND 
RESPONSE TO NOTICE TO FILE MISSING PARTS 



I' ^ Commissioner of Patents 
and Trademarks 
Washington, D.C. 20231 



tl Sir: 



This is an Amendment and Response to the Notice mailed from the U.S. Patent Office on 

fl October 1 1 , 200 1 m the above-referenced appUcation. A deadline to respond was set to expire two 

III 

III months from the date of the Notice, making a response due by December 1 1 , 2001 . 

m 

AMENDMENT 

Please amend the application as follows: 

IN THE CLAIMS : 

Please amend the claims to read as follows: 

3. (Amended) A reactor as claimed in claim 1, wherein the surface is substantially 
circular. 

4. (Amended) A reactor as claimed in claim 1 , wherein the shear member comprises at 
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least one generally elongate member which, in use, contacts the reactant on the surface of the support 
element. 

5. (Amended) A reactor as claimed in claim 1 , wherein the shear member comprises a 
generally planar surface which, in use, contacts the reactant on the surface of the support element. 

6. (Amended) A reactor as claimed in claim 1 , wherein the shear member comprises a 
dome or canopy having a peripheral basal surface which, in use, contacts the reactant on the surface 
of the support element. 

7. (Amended) A reactor as claimed in claiml , wherein the shear member comprises a 
cylindrical or tubular member having a peripheral basal surface which, in use, contacts the reactant 
on the surface of the support element. 

1 0. (Amended) A reactor as claimed in claim 8, wherein the shear member comprises a 
plug having a circumferential surface shaped such that, when the plug is mounted coaxially and at 
least partially within the support element, the circumferential surface contacts the reactant on the 
interior surface of the support element when the reactor is in use while allowing the support element 
to rotate freely. 

1 3 . (Amended) A reactor as claimed in claim 1 , wherein the shear member is adjustable 
so as to vary its spacing from the surface of the support element. 

14. (Amended) A reactor as claimed in claim 1, wherein the shear member is held 
stationary during rotation of the support element. 

15. (Amended) A reactor as claimed in claim 1, wherein the shear member is adapted, 
in use, to rotate in an opposite direction to the support element. 

1 6. (Amended) A reactor as claimed in claim 1 , wherein the shear member is adapted, 
in use, to rotate in the same direction as the support element but at a different rotational speed. 

17. (Amended) A reactor as claimed in claim 1 5, wherein the shear member has an axis 
of rotation which is offset from the axis of rotation of the support element. 

18. (Amended) A reactor as claimed in claim 1, wherein the shear member is coated or 
otherwise provided with a heterogeneous catalyst. 

1 9. (Amended) A reactor as claimed in claim 1 , wherein a surface of the shear member 
which, in use, contacts the reactant, is substantially smooth. 



20. (Amended) A reactor as claimed in claim 1 , wherein a surface of the shear member 
which, in use, contacts the reactant, is provided with discontinuities which enhance its surface area. 

22. (Amended) A reactor as claimed in claim 1 wherein the shear member is provided 
with temperature control means. 

24. (Amended) A reactor as claimed in claim 1 , wherein the axis is substantially parallel 
to a direction of action of terrestrial gravity. 

25 . (Amended) A reactor as claimed in claim 1 , wherein the axis is inclined with respect 
to a direction of action of terrestrial gravity. 

26. (Amended) A reactor as claimed in claim 1, wherein the axis is substantially 
perpendicular to a direction of action of terrestrial gravity. - - 



The claims have been amended to eliminate multiple dependencies. Two sets of claims are 
included, one set shoving the changes made in this response (attached) and one clean set (set out 
above). No new matter has been added to the application. 

Enclosed are the following: 

L Declaration; 

2. $54 Requisite Fee for Filing Missing Parts; 

Applicant respectfully submits that the application is in condition for allowance. A Notice 
of Allowance is hereby respectfully requested. 

Should the Examiner feel that a telephone conference would advance the prosecution of this 
application, he is encouraged to contact the undersigned at the telephone number listed below. 

Applicant respectfully petitions the Commissioner for any extension of time necessary to 
render this paper timely. 

Please charge any fees due or credit any overpayment to Deposit Account No. 50-0694. 



REMARKS 




Respectfully submitted. 



Seth M. Nehrbass, Reg. No. 31,281 
Charles C. Garvey, Jr., Reg. No. 27,889 
Gregory C. Smith, Reg, No. 29,441 



Stephen R. Doody, Reg. No. 29,062 

H. Roy Berkenstock, Reg. No. 24,719 

Brett A. North, Reg. No. 42,040 . 
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Fax: 504-835-2070 
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APPLICANTS: RAMSHAW, Colin and 
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Copy of Amendments Showing Changes 

The application has been amended in the foregoing amendment to read as follows (added 
matter is underlined and omitted matter is in brackets): 
IN THE CLAIMS : 

Please amend the claims to read as follows (added matter is underlined and omitted matter 
is in brackets): 

3 . (Amended) A reactor as claimed in claim 1 [ or 2], wherein the surface is substantially 
circular. 

4, (Amended) A reactor as claimed in [any preceding] claim L wherein the shear 
member comprises at least one generally elongate member which, in use, contacts the reactant on 
the surface of the support element. 

5, (Amended) A reactor as claimed in [any one of ]claim[s] 1 [ to 3], wherein the shear 
member comprises a generally planar surface which, in use, contacts the reactant on the surface of 
the support element. 

6. (Amended) A reactor as claimed in [any one of ]claim[s] 1 [ to 3], wherein the shear 
member comprises a dome or canopy having a peripheral basal surface which, in use, contacts the 
reactant on the surface of the support element. 



7. (Amended) A reactor as claimed in [any one of] claim[s] 1 [ to 3], wherein the shear 
member comprises a cy Undrical or tubular member having a peripheral basal surface which, in use, 
contacts the reactant on the surface of the support element.^ 

10. (Amended) A reactor as claimed in claim 8[ or 9], wherein the shear member 
comprises a plug having a circumferential surface shaped such that, when the plug is mounted 
coaxially and at least partially v^thin the support element, the circumferential surface contacts the 
reactant on the interior surface of the support element when the reactor is in use while allowing the 
support element to rotate freely. 

12. (Amended) A reactor as claimed in claim 10, wherein the plug is cone, dome or 

canopy shaped. 

13. (Amended) A reactor as claimed in [any preceding] claim 1, wherein the shear 
member is adjustable so as to vary its spacing from the surface of the support element. 

14. (Amended) A reactor as claimed in [any preceding] claim i, wherein the shear 
member is held stationary during rotation of the support element. 

15. (Amended) A reactor as claimed in [any one of] claim[s] 1 [ to 1 3], wherein the shear 
member is adapted, in use, to rotate in an opposite directionio the support element. 

16. (Amended) A reactor as claimed in [any one of] claim[s] 1 [ to 13], wherein the shear 
member is adapted, in use, to rotate in the same direction as the support element but at a different 
rotational speed. 

1 7. (Amended) A reactor as claimed in claim 1 5 [ or 1 6 depending from any one of claims 
1 to 7], wherein the shear member has an axis of rotation which is offset from the axis of rotation 
of the support element. 

18. (Amended) A reactor as claimed in [any preceding] claim 1, wherein the shear 
member is coated or otherwise provided with a heterogeneous catalyst. 

1 9. (Amended) A reactor as claimed in [any preceding] claim 1, wherein a surface of the 
shear member which, in use, contacts the reactant, is substantially smooth. 

20. (Amended) A reactor as claimed in [any preceding] claim 1, wherein a surface of the 
shear member which, in use, contacts the reactant, is provided with discontinuities which enhance 
its surface area. 



22. (Amended) A reactor as claimed in [any preceding] claim 1, wherein the shear 
member is provided with temperature control means. 

24. (Amended) A reactor as claimed in [any preceding] claim 1, wherein the axis is 
substantially parallel to a direction of action of terrestrial gravity. 

25. (Amended) A reactor as claimed in [any one of] claim[s] 1 [ to 23], wherein the axis 
is inclined with respect to a direction of action of terrestrial gravity. 

26. (Amended) A reactor as claimed in [any one of] claim[s] 1 [ to 23], wherein the axis 
is substantially perpendicular to a direction of action of terrestrial gravity. - - 
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ROTATINGSURFACE OF REVOLUTION REACTOR WITH SHEARING 

MECHANISMS 



The present invention relates to a rotating surface of revolution re'^tor^provided witii 
5 various shearing mechanisms. 

The invention makes use of rotating surfaces of revolution technology (hereinafter 
RSORT) (commonly known as spinning disc technology). 

10 The spinning disc concept is an attempt to apply process intensification methods 
within the fields of heat and mass transfer. The technology operates by the use of 
high gravity fields created by rotation of a disc surface causing fluid introduced to the 
dire surface at its axis to flow radially outward imder the influence of centrifugal 
acceleration in the form of thin often wavy films. Such thin films have been shown 

15 to significantly improve the heat and mass transfer rates and mixing. The technology 
was developed for typical heat and mass transfer operations such as heat exchanging, 
heating, cooling and mixing, blending and the like, for example as disclosed in R J J 
Jachuck and C Ramshaw, "Process Intensification: Heat transfer characteristics of 
tailored rotating surfaces", Heat Recovery Systems & CHP, Vol. 14, No 5, p475-491, 

20 1994. 

More recently the technology has been adapted for use as a reacting surface for 
systems which are heat and mass transfer limited, for example for the reaction of 
substrates which are highly viscous dxiring at least a stage of the reaction and cause 
25 problems in achieving good mixing and product yields. 

Boodhoo, Jachuck & Ramshaw disclose in "Process hitensification: Spinning Disc 
Polymeriser for the Manufacture of Polystyrene" the use of a spinning disc apparatus 
in which monomer and initiator is reacted by conventional means to provide a pre- 
30 polymer which is then passed across the surface of a spinning disc at elevated 
temperature providing a conversion product in the form of polymerised styrene. 

EP 0 499 363 (Tioxide Group Services Limited) discloses another use for spinning 
disc technology in photo catalytic degradation of organic materials such a 
35 hydrocarbons. A solution of salicylic acid and titanium dioxide catalyst was passed 
across the surface of a rotating disc and irradiated with ultra violet light. 
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An RSORT apparatus (commonly known as a spinning disc reactor) generally 
includes within a conversion chamber a rotating surface or an assembly of a pl\n:ality 
of these which is rotated about an axis to effect transfer of one or more reactants from 
the axis preferably radially across the rotating surface. 

5 

An RSORT apparatus as hereinbefore defined comprising a rotating surface as 
hereinbefore defined has a number of advantageous constructional features according 
to the present invention. 

10 When the support element of the present invention is rotated at an appropriate speed, 
reactant applied to the surface will tend to spread out on the surface so as to form a 
film. As the support element continues to rotate, product will be thrown firom a 
periphery of the surface and reactant will migrate from the point of application 
towards the periphery. Various chemical and physical processes may be undergone 

15 by the reactant as it migrates across the surface, as described for example in GB 
9903474.6, Reactant is generally applied by the feed means at least to a central 
portion of the surface, and optionally to other parts thereof 

The shear member may take a number of different forms. The important 

20 consideration is that the shear member must be close enough to the rotating surface 
so as to apply a shearing force to the film of reactant or product located thereon. In 
one embodiment, the rotating surface is generally planar, and preferably disc shaped 
(although other shapes, such as polygons or other regular or irregular shapes, are also 
\isable). Here, the shear member may comprise at least one generally elongate 

25 member, which may be stationary with respect to the rotating surface or which may 
also rotate with or against the rotating surface or otherwise move, provided that there 
is relative movement between the rotating surface and the elongate member during 
operation of the reactor. Alternatively, the shear member may comprise a generally 
planar surface of any appropriate size or shape, which again may be fixed relative to 

30 the rotating sxirface or which may also rotate with or against the rotating surface or 
otherwise move, provided that there is relative movement between the rotating 
surface and the planar surface during operation of the reactor. In yet a fiirther 
embodiment, the shear member may comprise a dome or canopy of any appropriate 
size or shape, the dome or canopy having a peripheral basal surface which contacts 

35 the film of reactant or product on the rotating surface during operation of the reactor. 
The dome or canopy may be fixed relative to the rotating surface or may also rotate 
with or against the rotating surface or otherwise move, provided that there is relative 
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movement between the rotating surface and the basal surface during operation. 
Instead of a dome or canopy, a cylindrical or tubular member (generally of circular 
cross-section although polygonal and other regular and irregular cross-sections may 
also be of use) having a peripheral basal surface as above may be provided. The 
5 cylindrical or tubular member may be of constant cross-section along its length, or 
may converge, diverge or otherwise change its cross-section along its length, and 
may be station^ with respect to the rotating surface or may rotate with or against 
the rotating surface or otherwise move, as described above. 

0 In embodiments where the shear member is rotatable, the shear member may rotate 
about the same axis of rotation as the rotating surface, or may rotate about an offset 
but generally parallel axis so as to have an orbital motion with respect to the rotating 
surface. The shear member may rotate in an opposite direction from the rotating 
surface, or may rotate in the same direction but at a different rotational speed. Where 

5 the shear member rotates about an offset axis, then it may be rotated in the same 
direction and at the same speed as the rotating surface while still providing the 
required shearing force through the resulting orbital motion. 

Advantageously, the shear member may be moved closer to or further away from the 
0 rotating surface so as to allow the applied shearing force to be varied. 

Alternatively, the rotating surface is not generally planar but is formed as an interior 
surface of a cone, dome or canopy shaped support element. Preferably, the support 
element has a substantially circular cross-section when sectioned along a plane which 

:5 is substantially perpendicular to the axis of rotation, Reactant is applied by way of 
the feed means to a central inner portion of the surface before being spread across the 
surface in the form of a thin film. In this embodiment, the shear member may take 
the form of a plug shaped such that, when the plug is mounted coaxially at least 
partially within the support element, a circumferential region of the plug applies a 

'0 shearing force to the reactant or product film on the rotating interior surface while 
still allowing the support element to rotate freely. In other words, the plug is 
preferably shaped so that its circumferential region matches the shape of the interior 
rotating surface but is slightly smaller so as to allow free rotation of the support 
element In some embodiments, the plug may be generally disc shaped, having a 

!5 circumferential wall shaped so as preferably to complement the shape of the interior 
rotating surface along the axis of rotation. Alternatively, the plug may also be cone, 
dome or canopy shaped, and sized so that it may be coaxially moimted at least 

4 
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partially inside the support element and such that an external surface of the plug 
complements the interior rotating surface of the support element. In all of these 
embodiments, the plug is preferably movable along the axis of rotation of the support 
element so as to adjust its proximity to the interior rotating surface and thus to adjust 
5 the applied shearing force. The plug may be held stationary with respect to the 
support element, or may be rotated in the same or in an opposite direction, provided 
that there is relative movement between the plug and the interior rotating surface. 

By applying a shearing force in this way, excellent mixing of reactants may be 
10 achieved. The reactor of the present invention is particularly suited to forming 
emulsions of two or more generally immiscible fluids and to promoting intimate 
mixing of all types of fluids. 

The shear member may be coated or otherwise provided with a catalyst, typically a 
15 heterogeneous catalyst, as may the surface of the support element. Examples of 
suitable catalytic coatings include nickel, palladium, platinum and various alloys. 
The application of a catalyst can help to promote chemical reactions in the reactor. 

The part of the shear member which contacts the film of reactant on the rotating 
20 surface may be generally smooth, or may be provided with discontinuities such as a 
mesh, grid or corrugations which serve to enhance surface areas. 

The shear member may also be provided with heating or cooling means, such as an 
electric heater or a heat exchanger thermally connected thereto. 

25 

The axis of rotation of the rotating surface or support element may be substantially 
vertical, in which case gravity tends to pull reactants downwardly with respect to the 
surface or support member. This may be advantageous with less viscous reactants. 
Alternatively, the axis of rotation may be generally horizontal, which can achieve 
30 improved mixing of reactants provided that these are appropriately retained on the 
first surface of the support member. 

Any suitable feed means may be provided to feed the at least one reactant onto the 
rotating surface. For example, the feed means may comprise a feed distributor in the 
35 form of a "shower head", a "necklace" of outlets or a simple, preferably adjustable, 
single point introduction such as a "hose-pipe type" feed means. Preferably, the feed 
means comprises a feed distributor having a plurality of imiformly spaced outlets for 

5 
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the at least one reactant on to the rotating surface as hereinbefore defined. The feed 
means may also include means for applying UV, IR, X-ray, RF, microwave or other 
types of electromagnetic radiation or energy, including magnetic and electric fields, 
to the reactants as they are fed to the trough, or may include means for applying 
5 vibration, such as ultrasonic vibration, or heat. 

The feed means may be provided at any suitable position with respect to the rotating 
surface which allows feed of the reactant. For example, the feed means may be 
axially aligned with the rotating surface for axial feed. Alternatively, the feed means 
0 may be positioned such that the feed is spaced fi*om the axis of the rotating surface. 
Such a position may lead to more turbulence and an enhanced mixing effect. 

Advantageously, the rotating surface includes a trough into which the at least one 
reactant is supplied by the feed means. 

5 

The depth of the trough in the rotating surface may be selected in accordance with 
reaction requirements. For example, for photochemical reactions in which UV light 
is shone onto the reactant, it is preferred for the trough to be relatively shallow, for 
example having a depth of the same order of magnitude or within one order of 
:0 magnitude as the expected thickness of a film of reactant formed across the first 
surface of the support element when rotating at an appropriate speed. 

In one embodiment, feed means may comprise a single feed to each trough which is 
preferably situated on or co-axial with the axis of rotation of the rotating surface. In 
15 this embodiment, reactant flows firom the feed outlet into the trough and is 
subsequently spread out of the trough on to the rotating surface by centrifugal force. 
In a preferred embodiment, the rotating element as hereinbefore defined comprises a 
trough situated on the axis of rotation. 

!0 The trough as hereinbefore defined may be of any suitable shape such as continuous 
or annular. For example it may have a continuous concave surface comprising part 
of a sphere, such as a hemispherical surface, or it may have an inner surface joined to 
the rotating surface by at least one connection wall or at least two, in the case where 
the trough is annular. The inner surface and connection wall may be of any form 

55 which allows the fimction of a trough to be fulfilled. For example the inner surface 
may be parallel to the rotating surface or concave or convex. The connection wall 
may comprise a single circular or ovoid wall or a plurality of straight walls. The 

6 
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walls may diverge or converge towards the rotating surface. 

Preferably, a single circular wall is provided which converges towards the rotating 
surface to form an undercut trough. This shape generates a reservoir which enhances 
a circumferential distribution of the reactant or heat transfer fluid flow. Alternative 
means for forming an xmdercut trough are also envisaged. For example, where the 
trough is generally annular in shape, an outer wall may be provided as above, and an 
inner wall having any suitable shape may serve to define an irmer edge to the trough. 
The undercut portion of the trough should generally be provided as an outer wall so 
as to help prevent uncontrolled egress of reactant or heat transfer fluid from the 
trough to the first or second surface under the influence of centrifugal force as the 
support element is rotated. 

Advantageously, a matrix may be provided in the trough so as to help reactant or heat 
transfer fluid present in the trough to rotate with the support element, thereby helping 
to achieve substantially uniform flow from the trough across the first or second 
surface. The matrix may be in the form of a plug of fibrous mesh, such as metal or 
plastics wool, or may take the form of a plurality of projections which are secured to 
an iimer surface of the trough. Other matrix means will be apparent to the skilled 
reader, hi some embodiments, the matrix is manufactured of a material which is inert 
with respect to the at least one reactant or the product and which is not significantly 
affected by temperature and other variable process conditions. Alternatively, the 
matrix may be made of a material which does interact with the at least one reactant or 
the product, such as a heterogeneous catalyst (e.g. nickel, palladium or platinum or 
any suitable metal or alloy or compound thereof). Where the matrix is made out of 
an electrically conductive material, it may be possible to supply an electric current 
therethrough and thus to provide heating means for heating the at least one reactant 
within the trough. 

In a further embodiment, there may be provided a plurality of feeds adapted 
selectively to supply one or more reactants to a plurality of troughs formed in the first 
surface. For example, where the support element is generally disc-like and has a 
substantially central axis of rotation, there may be provided a first central trough 
centred on the axis of rotation and feed means for supplying at least one reactant to 
the first trough, and at least one fiirther trough, preferably also centred on the axis of 
rotation and having an annular configuration, the at least one further trough being 
provided v^th feed means for supplying a second reactant, which may be the same as 
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or different from the first reactant, to the at least one further trough. It will be 
apparent to the skilled reader that a plurality of troughs may be provided in a similar 
manner on support elements with shapes other than generally disc-like. 

5 By providing a plurality of troughs and feeds, a sequence of reactions can be 
performed across the first surface of the support element. For example, two reactants 
may be supplied to the first trough in which some mixing and reaction will take 
place. As the support element rotates, the reactants will spread from the first trough 
to the fu:st surface of the support element, where further reaction and mixing takes 

10 place, and thence into a second annular trough concentric with the first trough. A 
third reactant may then be supplied to the second trough, and further mixing and 
reaction will take place as the third reactant and the two initial reactants and any 
associated product are spread fi-om the second trough onto the first surface of the 
support element for further mixing and reaction. Because the direction of travel of 

15 the reactants and products is outwards from the axis of rotation, a controlled series of 
reactions can be carried out across the first surface of the support member. 

Any suitable collection means may be provided for collection of the product as it 
leaves the rotating surface at its periphery. For example, there may be provided a 
20 receptacle in the form of a bowl or trough at least partially surroimding the rotating 
element or other fixed part of the apparatus. The collection means may additionally 
comprise a deflector positioned around the periphery of the rotating surface to deflect 
product into the collection means. The deflector is preferably positioned at an acute 
angle to the rotating surface. 

25 

The components of the collection means, such as the bowl or trough or deflector, 
may be coated or otherwise provided with a heterogeneous catalyst appropriate to the 
reactants being reacted on the support element, or may even consist entirely of a 
material which acts as a heterogeneous catalyst. Furthermore, the components of the 

30 collection means may be heated or cooled to a predetermined temperature so as to 
enable control over reaction parameters, for example by serving to halt the reaction 
between reactants as these leave the first surface in the form of product. Feed means 
for supplying a reactant to the product leaving the fnrst surface may also be provided. 
For example, there may be provided feed means for feeding a quenching medium to 

35 product in the collection means so as to hah chemical or other reactions between 
reactants when these have left the first surface. 
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The collection means may further comprise outlet means of any suitable form. For 
example, there may be a single collection trough running around the periphery of the 
disc or a collection bowl partially surrounding the rotating element. 

5 Outlet means may also be provided in the collection means and these may take the 
form of apertures of any size and form situated at any suitable position of the 
collection means to allow egress of the product. In one preferred embodiment, the 
outlet means are situated to allow vertical egress of the substrate in use. 

10 Alternatively, the collection means may comprise an outer wall provided at the 
periphery of the support element so as to prevent product from being thrown from the 
first surface, and at least one pitot tube which extends into the product which is 
restrained at the periphery of the support element by the outer walL The outer wall 
may converge generally towards the axis of rotation of the support member so as 

15 better to retain product while the support element is undergoing rotation, although 
other wall configurations, such as generally parallel to or divergent from the axis of 
rotation may also be useful 

Embodiments of the present invention may include multiple support elements, which 
20 may share a common axis of rotation and which may be mounted on a single 
rotatable shaft, or which may be provided with individual rotatable shafts. The 
collection means associated v^th any given support element may be connected to the 
feed means associated with any other given support element so as to link a number of 
support elements in series or parallel. In this way, a reaction may be conducted 
25 across a number of support elements in series or parallel. The collection means of a 
first support member may be directly connected to the feed means of a second 
support member, or may be connected by way of a processing imit such as a pimip, 
extruder, heater or heat exchanger or any other appropriate device. This is especially 
useful when dealing with viscous products, such as those which are obtained in 
30 polymerisation reactions, since the viscous product of a first support element may be 
processed so as to acquire more favourable physical characteristics before being used 
as the reactant feed for a second support element. 

For example, where the collection means comprises an outer wall on the first surface 
35 of the support element as described above, a number of support elements may be 
coaxially mounted on a single rotatable shaft so as to form a stack of support 
elements. A reactant feed is led to the trough of a first support element, and a 
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collector in the form of a pitot tube has its tip located near the first surface of the first 
support element in the vicinity of the wall so as to take up product from this region. 
An end of the pitot tube remote from the tip is led to the trough of a second support 
element so as to allow the product of the first support element to serve as the reactant 
5 for the second support element, thereby allowing a number of reactions to take place 
in series. Alternatively, a number of parallel feeds may supply the same at least one 
reactant simultaneously to the troughs of a number of support elements and a number 
of parallel pitot tube collectors may gather product from a peripheral region of each 
support element, thereby allowing a reaction to take place across a number of support 
1 0 elements in parallel. 

It is also envisaged that product collected from the periphery of a support element 
may be recycled as feed for that support element. This is usefiil for processes 
requiring an extended contact time for the reactants. The product may be frilly or 
15 only partially recycled, depending on requirements. 

Reference herein to a rotating surface is to any continuous or discrete planar or three 
dimensional surface or assembly which rotates approximately or truly about an axis, 
and preferably is reference to an approximate or true rotating surface of revolution. 
20 An approximate rotating surface of revolution may comprise an asymmetric axis 
and/or deviation in the surface body and/or circumference creating an axially or 
radially undulating surface of revolution. A discrete surface may be in the form of a 
mesh, grid, corrugated surface and the like. 

25 Reference herein to a substantially radially outward flowing film as hereinbefore 
defined is to any fluid film which may be created by dynamic contact of the fluid 
phase reactant and the rotating surface as hereinbefore defined, suitably the fluid 
phase reactant is contacted with the rotating surface at any one or more surface 
locations and caused to flow outwardly by the action of centrifugal force. A film 

30 may be a continuous annulus or may be a non-continuous arc at any radial location. 
The substrate may provide a plurality of films in dynamic contact with a rotating 
surface as hereinbefore defined. 

For example processes requiring extended contact time may be carried out in 
35 continuous manner with use of a recycle of flvdd exiting at the periphery of the 
rotating svirface towards the axis of the rotating surface enabling sequential passes of 
fluid across the surface. In continuous steady state operation an amount of fluid 

10 
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exiting the surface may be drawn off as product and an amount may be returned by 
recycle for further conversion with an amount of fresh reactant feed. 

The process of the invention as hereinbefore defmed may operated in a single or 
5 plural stages. A plural stage process may comprise a first pre-process stage with 
further post-process or upgrading stages, and may be carried out batchwise with use 
of a single rotating sm-face as hereinbefore defmed or may be carried out in 
continuous maimer with multiple rotating surfaces in series. 

10 Second or more reactants may be added to the feed reactant as it passes from one 
rotating assembly to the next or be added directly to the rotating assembly anywhere 
between the axis of rotation or the exit from the assembly. In certain cases a multi- 
step process may be achieved by reactant addition or additions between the axis of 
rotation and the exit of a single rotating assembly to achieve more than one process 

15 step in a single pass. It is also possible to have different regions of the rotating 
surface at different temperatures and conditions and have different surface 
geometries as appropriate to the process needs. 

It will be apparent that the process of the invention may be controlled both by 
20 selection of a specific rotating surface for the support element and by selecting 
process variables such as temperature, speed of rotation, rate of reactant feed, 
conversion time and the like. Accordingly the process of the invention provides 
enhanced flexibility in process control including both conventional control by means 
of operating conditions, and additionally control by means of rotating surface type. 

25 

The apparatus may further comprise any suitable control system. Such a control 
system may regulate the temperature or contact time of reactants by means of speed 
of rotation, rate of substrate feed and other process parameters to obtain an optimum 
result. 

30 

The apparatus as hereinbefore defined may comprise means for optimising process 
conditions. For example, means for imparting an additional movement to the 
rotating surface, and thus to the reactant, may be provided. Such movement could be 
in any desired plane or plurality of planes and preferably comprises vibration. Any 
35 suitable vibration means may be provided, such as flexible mounting of the surface or 
off centre mounting, both mducing passive vibration or active vibration means, such 
as a mechanical element in contact with the rotating element and vibrating in a 

11 
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direction parallel to the rotating element axis. Preferably a passive vibration means is 
provided in the form of off centre mounting of the rotating element on its axis of 
rotation. Vibration may alternatively be provided by an ultrasonic emitter in contact 
with the rotating element for vibration in any desired plane or plurality of planes. 

The rotating surface may have any shape and surface formation to optimise process 
conditions. For example the rotating surface may be generally planar or curved, 
frilled, corrugated or bent. The rotating surface may form a cone or be of generally 
frustoconical shape. 

In one preferred embodiment the rotating surface is generally planar and preferably 
generally circular. The periphery of the rotating surface may form an oval, rectangle 
or other shape. 

In another preferred embodiment the rotating surface is provided as the inner surface 
of a cone. The apparatus may comprise at least one cone and at least one other 
rotating surface or at least one pair of facing cones positioned so as to allow a two 
stage process with one or more reactants fed to each cone. Preferably product exits a 
smaller cone (or other surface of rotation) in a spray on to the surface of a larger cone 
(or other surface of rotation) by which it is at least partially surrounded and for the 
surface of which a further reactant is fed by feed means as hereinbefore defined, to 
allow mix of the product and reactant on the larger rotating surface. Preferably, 
means are provided such that the two cones counter rotate. Such an arrangement 
enhances mixing and intimate contact of the reactants and reduces the required 
physical contact time. Alternatively, means are provided such that the cones co- 
rotate or one is stationary. 

A rotating surface of any shape and surface formation as hereinbefore defined may be 
provided with surface features which serve to promote the desired process. For 
example, the surface may be micro or macro profiled, micro or macro porous, non 
stick, for example may have a release coating, may be continuous or discontinuous 
and may comprise elements such as mesh, for example woven mesh, reticulate foam, 
pellets, cloth, pins or wires, for enhanced surface area, enhanced or reduced friction 
effect, enhanced or reduced laminar flow, shear mixing of recirculation flow in axial 
direction and the like. 

In one preferred embodiment, mixing characteristics of the rotating surface are 

12 
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enhanced by the above features or the like provided on or in the rotating surface. 
These may be provided in any suitable regular or random arrangement of grids, 
concentric rings, spider web or like patterns which may be suitable for a given 
application. 

5 

Alternatively or additionally to any other surface feature, radially spaced pins in the 
form of circles or segments of circles may be provided. 

hi another preferred embodiment, a porous surface coating is provided, which aids 
10 processing of certain reactants. Such a coating may be provided in combination with 
any other of the aforementioned surface features. 

Surface features in the form of grooves may be concentric or may be of any desired 
radially spaced form. For example, the grooves may form ' Vavy" or distorted circles 
1 5 for maximised mixing. 

Grooves may be parallel sided, or may have one or both sides which diverge to form 
imdercut grooves or which converge to form tapered grooves. Preferably, the 
grooves are imdercut to promote mixing. 

20 

Grooves may be angled to project towards or away from the axis of the rotating 
surface to enhance or reduce undercut or taper. 

Energy transfer means may be provided for the rotating surface or reactant or product 
25 as hereinbefore described. For example heating means may be provided to heat the 
reactant, for example, as part of the feed means. Additionally, or alternatively 
heating means may be provided to heat the rotating element in the form of radiant or 
other heaters positioned on the face of the rotating element which does not comprise 
the rotating surface for conversion. Preferably, radially spaced, generally circular 
30 radiant heaters are provided. 

Any preferred cooling or quenching means may be provided in a suitable position to 
cool the reacted substrate. For example cooling coils or a heat sink may provide 
cooling by heat exchange, or a reservoir of quench may provide cooling or reaction 
35 termination by intimate mixing in the collection means. 

For a better understanding of the present invention and to show how it may be carried 
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into effect, reference shall now be made by way of example to the accompanying 
drawings, in which: 

FIGURE 1 shows a spinning disc apparatus in schematic form; 

5 

FIGURE 2 shows a spiiming disc provided with a dome shaped shear member; 

FIGURE 3 shows a spinning cone with a plug shear member; 

1 0 FIGURE 4 shows a detail of a spinning disc having a central trough; and 

FIGURE 5 shows a detail of a spinning disc having an annular trough. 

Figure 1 illustrates a spinning disc apparatus of the present invention. The apparatus 
15 is enclosed in vessel (1) having at its axis a drive shaft (2) supporting a spinning disc 
(3). Feed means (4) provides reactant to the surface (5) of the disc (3) about its axis 
S (6). Rotation of the disc (3) causes reactant to flow radially oxatwards, whereby it 

contacts the surface (5) of the spinning disc (3) and forms a film (17) thereacross. A 
stationary, aimular shear member (18) is located just above the surface (5) such that a 
20 basal portion (19) of the shear member (18) contacts the film (17) and applies a 
shearing force thereto when the disc (3) is rotated. Fluid is collected at the peripheral 
edges of the disc (3) by means of collection trough (7) and may be rapidly quenched 
by means of cooling coils (8). A skirt (9) prevents meniscal draw back of fluid 
contaminating the drive shaft mechanism. Inlet means (10) enable controlled 
25 environment conditions to the provided, for example a nitrogen atmosphere. Outlet 
vent means (11) enable the venting of atmospheric gases or gases evolved during 
operation. Observation means are provided by means of windows (12) to observe the 
progress of the conversion. 

30 The apparatus of Figure 1 may be started up and operated as described in Example 1 
below. In the case that the process is an exothermic conversion, cooling coils (8) 
may be used to quench the collected product in the trough (7). The spinning disc (3) 
is provided with heating coils (not shown) which may be used to initiate or maintain 
conversion. The disc (3) or the reactor vessel (1) may be provided with a source of 
35 radiation, means for applying an electric or magnetic field and the like as described, 
at or above the disc surface (5) or at the wall of the reactor vessel (1). 
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Figure 2 shows a spinning disc (3) having a surface (5) and mounted on a drive shaft 
(2) which defines an axis of rotation (6). A feed pipe (4) supplies reactant (15) to a 
central trough (14) (see below) from where the reactant (15) spills onto the surface 
(5) in the form of a film (17), A shear member in the form of a canopy (20) having a 
5 peripheral basal surface (21) is mounted over the disc (3) such that, in operation, the 
basal surface (21) contacts the film (17) and applies a shearing force thereto by virtue 
of relative movement between the basal surface (21) and the rotating surface (5). 
This shearing force helps to promote intimate mixing of the reactant (15). The 
canopy (20) may be fixed relative to the disc (3), or may be adapted to rotate in either 
10 the same or the opposite direction, provided always that there is relative movement 
between the basal surface (21) and the rotating surface (5). Furthermore, the spacing 
between the basal surface (21) and the rotating surface (5) may be adjusted by 
V$ moving the canopy (20) up or down so as to vary the shearing force applied to the 

Jj£ film (17). Product (27) is thrown from the rotating surfece (5) at a peripheral portion 

l4 15 thereof for collection. 

ill Figure 3 shows a beaker shaped support element (22) having an internal surface (23) 

with divergent sides and mounted on a horizontal drive shaft (24). Reactant (15) is 

m supplied to a trough (14) in a base region of the support element (22) fi-om where it 

20 spills out onto the surfece (23) in the form of a film (17) when the support element 

fj^i (22) is rotated. A disc shaped plug (25) having a peripheral surface (26) 

13 complementary to the surface (23) is mounted in the support element (22) so as to 

contact the film (17) when the support element (22) is rotated, thus applying a 
shearing force. The plug (25) may be stationary or may rotate with or against the 
25 surface (23), provided always that there is relative movement between the two. By 
moving the plug back and forth along the axis of the drive shaft (24), the spacing 
between the peripheral surface (26) and the internal surface (23) may be varied so as 
to vary the applied shearing force. Product (27) is thrown from the iimer surface (23) 
at a mouth portion of the support element (22) for collection, 

30 

In Figure 4 there is shown an axially located central trough (14) which is continuous 
and forms a well situated on the axis of rotation (6) of the rotating surface (5) of a 
disc (3), Rotation causes reactant or heat transfer fluid (15) supplied by the feed 
means (4) to flow to the wall aad form an annular film (16) within the trough (14). 
35 The annular film (16) then spills over onto the surface (5) of the disc (3) to form a 
film ( 1 7) on the surface (5). 

15 
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In Figure 5 the trough (13) is annular and forms a channel co-axial about the axis of 
rotation (6) of the disc (3). Rotation assisted by the trough profile causes reactant or 
heat transfer fluid (15) to flow into the trough (13) and to the wall thereof and form 
an annular film (16) within the trough (13) before spilling over onto the surface (5) of 
5 the disc (3) in the form of a film (17). 

Example 1 - Polymerisation of ethylene using a catalyst coated disc 

Phillips catalyst was coated onto the surface of a spinning disc apparatus using 
methods as described hereinbefore. The coated disc was mounted in a spinning disc 
10 apparatus. 

The spinning disc apparatus used is shown in diagrammatic form in Figure 1 , The 
main components of interest being: 

15 i) Top Disc - A smooth brass disc of thickness 17mm and diameter 500mm 
capable of rotating around a vertical axis. 

ii) Liquid Distributor - A circular copper pipe of diameter lOOnmi, positioned 
concentrically over the disc, sprayed fluid vertically onto the disc surface from 50 

20 uniformly spaced holes in the underside. Flowrate was controlled manually by a 
valve and monitored using a metric 1 8 size, stainless steel float rotameter. A typical 
fluid flow rate was 3 1 .3cc/s. 

iii) Motor - A variable speed dx. motor capable of rotating at 3000 rpm was 
25 used. The rotational speed was varied using a digital controller calibrated for disc 

speeds between 0 and 1000 rpm. A typical rotational speed was 50rpm. 

iv) Radiant Heaters — 3 radiant heaters (each consisting of two elements) spaced 
equally below the disc provided heat to the disc. The temperature was varied using a 

30 temperature controller for each heater. Each heater temperature could be controlled 
up to 400°C. Triac regulators were used to control the speed of the controller 
response. (These remained on setting 10 throt^hout the tests). 

v) Thermocouples and Datascanner - 16 K-type thermocouples embedded in the 
35 top disc gave an indication of the surface temperature profile along the disc radius. 

Odd numbered thermocouples 1 to 15 inclusive were embedded from underneath the 
disc to a distance 3mm from the upper disc surface. Even nimibered thermocouples, 

16 
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2 to 16 inclusive were embedded from underneath the disc to a distance 10mm from 
the upper disc surface. Each pair of thermocouple, i.e. 1 & 2 and 3 & 4 and 5 & 6 
etc, were embedded adjacently at radial distances of 85mm, 95mm5 1 10mm, 128mm, 
ISOnom, 175mm, 205mm and 245mm respectively (see Figure 3). The 
5 thermocouples were connected to the datascanner which transmitted and logged the 
data to the PC at set intervals using the DALITE Configuration and Monitoring 
Software Package. 

vi) Manual Thermocouple - A hand-held K-type thermocouple was used to 
1 0 measure the bxilk fluid temperature on top of the disc. 

The rig was used in two arrangements. In one arrangement, feed was constantly 
added and the heated product was sent to the collection trough. In an altemative 
arrangement the rig was assembled with a recycle. 

15 

The spiiming disc apparatus of Figure 1 was started up and temperature and 
rotational speed adjusted. When steady stage was achieved gaseous ethylene was fed 
to the revolving catalyst coated disc surface at it axis. Product was withdrawn in the 
collection trough at the periphery of the disc. Analysis revealed the product was high 
20 grade polyethylene. 

Further advantages of the invention are apparent from the foregoing. 
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(20^25) coti^prises a dome ot canopy (20) having a pettphctal basd sin&ce (21) 
wI)^d^ in use, coidaets tiie leactiist (15) <ai Ihe stxt&oi (5;23) of ihc sropon dement 
30 (3^). 

7. Aieactorasclaimedinaig'oncofdahral to3, whe^ 
(20,25) ccMiqirises a cTihidricd or tnlajlar-aatn^ 

Tr»*ich, TO nste, i^tacts &e reactant a5) ott the sBifece (5^^ 
•35 (3^). 



Awactorasdaimedhiclaim U i^eiein tiis amftce (5^) is fomwd as an 
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interior sur&ce ^) oi"! 




\ 



5.. A reactn as ^^^^^ 



J3 1^- 



. . A:*^«tor 9»JmMlH'fdm 8. or 9, wbemn .the. s&ear member <2S) 
lfae.pl«g(2S)fBJiwttttW 

(23) iOf fta s^ppol^ Bianient ^) «*Ba the rta^ 



A xesctar as dainsd in obam 10, ^nhenaa ibe (25) is savBodly disc 

15 --^ - 



12, ^ teactoi: as ^eSxaed cl^im 10, wiwrein the plug ^) is cone^ dome or 

20 13. A reactor as dafimd to any pracetfing daim, wbeiem ^ s&ear meaber 
C20,25) is at^ostable so as to vsiy its i^ncb^ fiom tlw soz&ce (5;23) of flie supimEt 

14, A reacwr efaoBfld ia ^ jascedto^ cMnb wheraa the ishear member 
25 <2?^i»Jffllds«alionaiyd(aiBgzataiioi^ 

15. . Awactorasdgimedfa aiQrwiecfcIaims 

aO^) is ad^prte4 ia Tis^ to rotate in au oj^joaite di^^ 

30* . 

(20,25) ia in a«^ -tb ' rotate ia &e-sait» dhee^ as the sq^^ dcsnent 

35. 17.- ^vdetotwii^m^ine)^ 
' 7, vw^in &e shcarmembar (20>25) lias an briaof lotttioa t^Mrfi ia offi« ftwn fte 
Of rott&on (6) of agjiat dismeat (3^), 



14-AUG-2001 

16-03-2001'-^^"" 



15:41 FROr*! . HfiRRISON GODDfM) FOOTE 



TO 9^JL50482^20TO 



P,18 

QB 0000005 



18. A taOf^ as ctabned m way piecedbg claim, vAcfdbx the shesnr mmha: 
(2(UiS) b ccMted votiienwisc ptovidecZ 

$]utar,siember wHch, i3a<^ eoatads liie reatctaz^ (15). is sohgtaslklly 

20 sbrar zz2ed»3ber C!df2$)' 'W^iicfu M'use^ contact Ifaa feactant (15}^ is proil^cd wltii 

21. A xrador as daiinad in claim 20, ^^rada tiie d3scoatmn{%s compme a 

15 ' - - 

- 22. , A zeactor fis dsiinsd bt ao^ ptwed&ig dazing wbcieia tbe shissr sztenober 
(20^,2^ is imvided ^td^ te^^ 

23. A reactor as dlaiziuidia claim ^tvvlt^r^ 

24. A xeactor as clamed in my prac^dmg cMm, i^tdieretoi <bc sidir (€) is 
substantiaBypazaM 

25 - 2S. A -reactor as daimcd in ai^ oac of cfadais I to 23. ^ito^ia Ibe ieda (ff) ia 

26, A icaotor as.ck&ncd xn any ape of daims 1 to 23, wtet^ tttf? »3cb (6) is 
substsotiftiiy i^pca^icolar to a 

30 ^ . ' 
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PATENT APPLICATION 
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Declaration 
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Filing 



X 



Declaration 
OR Submitted after Initial 
Filing (surcharge 
(37 CFR 1.16(e)) 
required) 



Attorney Docket Number 



First Named Inventor 



A01206US (98148/20)^ 



RAMSHAW, Colin 



COMPLETE IF KNOWN 



Application Number 



Filing Date 



Group Art Unit 



Examiner Name 



09 x4l3,903 



17 February 2000 



As a below named inventor, I hereby declare that; 

My residence, mailing address, and citizenship are as stated below next to my name. 

f believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and |oint inventor (if plural 
names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 



ROTATING SURFACE OF REVOLUTION REACTOR WITH SHEARING 
MECHANISMS 



(Title of the Invention) 



the specification of which 



i 



® 



is attached hereto 



was filed on (MM/DD/YYYY) 



QlfnflOQO 



as United States Application Number or PCT international 



Application Number 



PCT/GBOO/00523 



and was amended on (MM/DDA'YYY) 



03/16/2001 



j (if applicable 



I hereby state that I have reviewed and understand the contents of the atx>ve identified specification, including the claims, as 
amended by any amendment specifically referred to atx)ve. 

I acknowledge the duty to disclose information which is matenal to patentability as defined in 37 CFR 1 56. including for continuation- 
in-part applications, material information which became available between the filing date of the prior application and the nadona! or 
PcT international filing date of the continuation-in-part application. 



1 hereby claim foreign priority benefits under 35 U S.C. 1 19(a)-(d) or (f), or 365(b} of any foreign appHcation(s) for patent, inventor's 
or plant breeder's nghts certificate(s), or 365(a) of any PCT international application which designated at least one country other 
than the United States of America, listed below and have also identified below, by checking the box. any foreign application for 
patent, inventor's or plant breeder's rights certiftcate{s), or any PCT international application having a filing date before that of tne 
application on which priority is claimed. 


Prior Foreign Application 
Numberjs) 


Country 


Foreign Filing Date 
(MM/DD/YYYY) 


Priority 
Not Claimed 


Certified Copy Attached'? 
YES NO 


9903474.6 


GB 


02/17/1999 


□ 
□ 
□ 
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□ E 

□ □ 

□ □ 

□ □ 


1 1 Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto: 
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DECLARATION — Utility or Design Patent Application 



Direct at! correspondence to: X 



Customer Number 
or Bar Code Lat>el 




22920 



^ OR I I Correspondence address below 



Name 



Address 



State 



Gountfy 



Telephone 



ZIP 



Fax 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on iriformation and belief 
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the 
validity of the application or any patent Issued thereon. 



NAME OF SOLE OR FIRST INVENTOR : 



I I A petition has been filed for this unsigned inventor 



Given Name 

(first and middle [if any]) 



Colin 



Family Name 
or Surname 



SAMSHAW 



Inventor's 
Signature 



Pontelaod 



Residence: City 



State 



UK 
Country 



Date 



UK 

Citizenship 



Mailing Address 



20 High View, Ponteland, Newcastle upon Tyne NE20 9ET 



City 



ZIP 



Country 



UK 



NAME OF SECOND INVENTOR: 



I I A petition has been filed for this unsigned inventor 



Given Name Rosban Jeet Jee 
(first and middle [if any]) " " 



Family Name JACfflJCK 
or Surname " 



Inventor's 
Signature 



r 




Residence: City 



Abbey Farm 



State 



/ 
UK 



Country 



Date JLQOl 



Indian 
Citizenship 



Mailing Address Marcross Close, North Walbottle, Newcastle upon Tyne NE 1 7RU 
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State 



ZIP 



Country 
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